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1
LIQUID NITROGEN PUMP EQUIPMENT
LOAD TESTING AND EXPERIMENTING
APPARATUS AND TESTING AND
EXPERIMENTING METHOD THEREOF

PRIORITY CLAIM TO RELATED
APPLICATIONS

This application is a national stage application under 35
U.S.C. §371 of PCT/CN2011/001642, filed Sep. 28, 2011,
and published as WO 2012/048524 Al on Apr. 19, 2012,
which claims priority to Chinese Application No.
201010509340.9, filed Oct. 14, 2010, which applications and
publication are incorporated by reference as if reproduced
herein and made a part hereof in their entirety, and the benefit
of priority of each of which is claimed herein.

FIELD OF THE INVENTION

The present invention relates to the technical field of nitro-
gen foam fracturing pump equipments for oil-gas fields or
coal bed methane, especially to an apparatus for loading test
and experiment of liquid nitrogen pump equipments and the
test and experiment process thereof, which can load the gas
discharged from a liquid nitrogen pump in a nitrogen foam
fracturing equipment, and the invention also relates to an
apparatus for overall experiment of liquid nitrogen pump
equipments, which is not only used for testing the flow rate of
liquid nitrogen pump equipments, but also for loading, testing
and experimenting on the pressure of the discharged nitrogen
gas.

BACKGROUND OF THE INVENTION

Nitrogen foam fracturing is a novel technology developed
on the basis of the hydraulic fracturing technology and is in
particular suitable for improving the low-pressure, low-per-
meable and water-sensitive formulation during the oil-gas
field exploitation and the coal bed methane exploitation. Such
technology is also widely applied in the technical field of
nitrogen flooding exploitation for coal gas methane. In the
existing nitrogen foam fracturing technology, the overall test-
ing technology for the nitrogen foam fracturing equipment is
not yet mature and the experiment apparatus is not yet con-
summate. In particular, the liquid nitrogen pump, as an impor-
tant equipment among others, requires a set of integrated
apparatus for the overall test and experiment of liquid nitro-
gen pump equipments.

The liquid nitrogen pump equipment is a specialized
equipment that discharges liquid nitrogen through a liquid
nitrogen pump under pressure and then heats the high pres-
sure liquid nitrogen by a specialized heating apparatus so as to
convert it into gaseous nitrogen at normal temperature. The
typical characteristic of the liquid nitrogen pump equipment
lies in the fact that the input medium is low temperature liquid
medium but the output is high pressure gas with large dis-
placement. The liquid pump equipment is an important equip-
ment applied in the oil-gas field and coal gas methane foam
fracturing, and thus requires periodical checkout so as to
ensure the security of the field operation. At present, mainly
utilized is the loading experiment apparatus for liquid nitro-
gen pump equipments in the overall test and experiment of the
liquid nitrogen pump equipment. The loading experiment
apparatus for liquid nitrogen pump equipments mainly works
in testing and experimenting on both the displacement and
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pressure of the discharged gas of the liquid nitrogen pump
equipment so as to check out the performance of the liquid
nitrogen pump equipment.

The output gas displacement of the liquid nitrogen equip-
ment in practical application depends on the power transmit-
ting system and the flow distributing system of the equipment,
whereas the pressure of the output gas displacement depends
on the factors comprising fracture pressure of the formation,
formation permeability, and pipe resistance, etc., during the
foam fracturing operation completed thereby. In consider-
ation that the fracture pressure of the formation, the formation
permeability, and the pipe resistance are relatively constant
during the experiment, it can not be readily realized to adjust
the discharge pressure of the gas discharged from the liquid
nitrogen pump equipment, and thus such apparatus is not
appropriate to be used as experiment technology for the liquid
nitrogen pump equipment. Nowadays, the domestic test and
experiment apparatus is only able to satisty the requirement
of overall test and experiment of the liquid nitrogen pump
equipment with relatively low pressure and low displacement
in China. However, the liquid nitrogen pump equipment used
for nitrogen foam fracturing has the characteristics as fol-
lows: large installed power, which reaches 1500 kW; large
displacement, which reaches 600 Sm>/min (Sm> means nor-
mal cubic meter and is specialized as an unit of gas volume.
Sm? refers to volume of gas under standard temperature and
pressure, wherein S is the initial of English word “standard”);
high discharge pressure, which reaches 140 MPa; the test and
experiment of such equipment substantially differ from those
of'the liquid nitrogen pump equipment with low pressure and
low displacement in terms of security risk. Accordingly, the
requirements to the overall test and experiment of such equip-
ment will significantly differ from those to normal liquid
nitrogen pump equipment with low pressure and low dis-
placement, mainly in terms of the pressure loading technol-
ogy and also the data collecting and analyzing technologies.
As for the liquid nitrogen pump with low displacement, the
loading of discharge pressure may be carried out using a
loading method by directly regulating valves under complete
safe security; the data collecting and analyzing may also be
directly obtained during the test and experiment of the liquid
nitrogen pump equipment with low pressure and low dis-
placement. However, as for the test and experiment of the
liquid nitrogen pump equipment with high pressure and large
displacement, a huge pressure regulating valve will be needed
s0 as to realize the adjustment of discharge pressure if using
the method of direct pressurizing mentioned above, which is
technically very difficult to implement. On the other side,
direct adjustment of gas with high pressure and large dis-
placement renders high security risk for adjusting and moni-
toring, and thus results in high security risk during the test and
experiment. Therefore, at present, there is urgent requirement
for a test and experiment technology that is appropriate for
foam fracturing liquid nitrogen pump equipment with high
pressure and large displacement.

SUMMARY OF THE INVENTION

The object of the present invention is to eliminate defects in
prior art and to provide an apparatus in indirect and safe
manner for loading test and experiment of liquid nitrogen
pump equipments and the test and experiment process
thereby.

As follows is the technical solution by which the object of
the invention can be achieved.

1. An apparatus for loading test and experiment of liquid
nitrogen pump equipment, which is intended to test nitrogen
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foam fracturing equipments for oil-gas fields or coal bed
methane, said apparatus comprises,

A liquid nitrogen pump equipment testing unit which fur-
ther comprises liquid nitrogen tank and tested liquid nitrogen
pump equipment, wherein the liquid nitrogen pump equip-
ment is arranged on the outlet pipeline of the liquid nitrogen
tank and pumps liquid nitrogen stored at low pressure and low
temperature in the liquid nitrogen tank and converts it into
gaseous nitrogen at normal temperature and high pressure;

A hydraulic damping apparatus unit comprising a water
tank, pump set equipment, and a manifold system which are
connected in sequence, wherein the manifold system mixes
the gaseous nitrogen at normal temperature and high pressure
from the liquid nitrogen pump equipment with high pressure
water from the pump set equipment to form a high pressure
liquid-gas mixture;

A pressure adjusting unit arranged downstream from the
hydraulic damping apparatus unit, which pressurizes the
water discharged from the hydraulic damping apparatus unit
by adjusting the flow rate of the high pressure liquid-gas
mixture;

2. The pressure adjusting unit therein comprises at least
one adjusting units, which are connected with each other, and
subsequent water recycling equipments, wherein each of said
adjusting units further comprises the following parts which
are connected in sequence,

A liquid-gas mixture output manifold assembled down-
stream from the manifold system, which distributes the mixed
high pressure liquid-gas mixture as output;

At least one pneumatic cut-off valve, which roughly
adjusts discharge pressure of the hydraulic pump truck;

At least one motor-driven pressure regulating valve, which
finely adjusts the discharge pressure of the hydraulic pump
truck;

A throttling hush pipe, which applies pressure loading to
the high pressure water discharged from the pump set equip-
ment and limits noise by a silencer.

3. The manifold system therein comprises a high pressure
water valve, a high pressure gas valve, a check valve and also
pipelines.

4. The outlet pipelines of the water tank and the liquid
nitrogen tank therein are equipped with check valves and also
pressure sensors, respectively.

5. The subsequent water recycling equipments therein are
connected to the outlet of the throttling hush pipe and com-
prises in sequence a gathering apparatus, a liquid-gas sepa-
rator, connecting pipelines, a cooling system and also a recy-
cling manifold, wherein the recycling manifold is connected
to the water tank of the hydraulic damping apparatus unit;

wherein the gathering apparatus collects water and nitro-
gen gas and transports them into the liquid-gas separator
which separates water from nitrogen gas, and the separated
nitrogen gas is discharged under security condition, whereas
the separated water continues to flow into the water tank
through the connecting pipelines, the cooling system and the
recycling manifold so as to be recycled.

6. The pump set equipment therein is assembled on the
outlet pipeline of the water tank, and said pump set equipment
is a hydraulic pump truck or combination of a water pump and
a power system.

In addition, the present invention also provides a loading
test and experiment process for liquid nitrogen pump equip-
ments, wherein the loading test and experiment of the liquid
nitrogen pump equipments, which are used for foam fractur-
ing of the oil-gas field or coal bed methane nitrogen, are
carried out by using the loading test and experiment apparatus
described above. Using the hydraulic damping apparatus,
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4

firstly, gas discharged from the liquid nitrogen pump is mixed
with high pressure water discharged from the hydraulic
damping apparatus so as to form a high pressure liquid-gas
mixture, and then the flow rate of the high pressure liquid-gas
mixture is adjusted, so that the pressure adjustment of the gas
discharged from the liquid nitrogen pump equipment is indi-
rectly achieved. The above process may further comprises the
following steps,

Firstly, the hydraulic pump truck is started and the water
discharged from the hydraulic pump truck is pressurized, and
simultaneously the pneumatic cut-off valve in the pressure
adjusting unit is opened for roughly adjusting the water pres-
sure, while the motor-driven pressure regulating valve is also
opened for finely adjusting the water pressure, so that accu-
rate adjustment of the discharge pressure of the hydraulic
pump truck is achieved;

Secondly, the liquid nitrogen pump equipment is started
and the gaseous nitrogen discharged from the liquid nitrogen
pump equipment is mixed with the high pressure water dis-
charged from the hydraulic pump truck in the manifold sys-
tem so as to form a high pressure liquid-gas mixture, and then
the flow rate of the high pressure liquid-gas mixture is
adjusted by the pneumatic cut-off valve and the motor-driven
pressure regulating valve, so that the pressure of the nitrogen
gas discharged from the liquid nitrogen pump equipment is
controlled.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a structural schematic drawing of the loading test
apparatus for liquid nitrogen pump equipments in accordance
with the present invention;

FIG. 2 is the curve of flow rate as a function of pressure in
accordance with the invention;

FIG. 3 is the curve of input power as a function of discharge
pressure in accordance with the invention;

FIG. 4 is the curve of loading pressure as a function of
loading time on a liquid nitrogen pump equipment in accor-
dance with the invention.

DETAILED DESCRIPTION OF THE INVENTION

The present invention will be described in detail below
with reference to the drawings. However, it should be known
for one person skilled in the art that the present invention is
not limited by the listed embodiments, and any technical
solution that accords with the spirit of the invention will fall
within the protection scope of the invention.

The principle of the present invention will be described
below.

During the test and experiment of liquid nitrogen pump
equipments used for nitrogen foam fracturing, the discharge
pressure and displacement of the liquid nitrogen pump equip-
ment should be respectively tested so as to give the relation-
ships between the displacement and the pressure, between the
input power and output pressure and between the pressure and
the loading time. It can be seen that the discharge pressure of
the liquid nitrogen pump equipment is key parameter that
should be controlled during the overall test and experiment of
liquid nitrogen pump equipments. In order to complete the
overall test and experiment of liquid nitrogen pump equip-
ment, it is required to set damping to the gas discharged from
such equipment, that is to say, to carry out pressure loading.
Because the gas has large compression ratio, it is very difficult
to directly and securely load the gas with large displacement.
Therefore, the loading experiment apparatus for liquid nitro-
gen equipment in accordance with the present invention is
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particularly installed a hydraulic pump truck so that the gas
discharged from the liquid nitrogen pump equipment is mixed
with water in the hydraulic damping apparatus so as to form
a high pressure liquid-gas mixture, and then the pressure
adjustment of the gas discharged from the liquid nitrogen
pump equipment is indirectly achieved by adjusting the flow
rate of the high pressure liquid-gas mixture. Thus, the pres-
sure loading of the gas discharged from the liquid nitrogen
pump equipment may be indirectly achieved by converting
the liquid pressure loading into gas pressure loading.

In the loading test and experiment apparatus for liquid
nitrogen pump equipments in accordance with the present
invention, the hydraulic damping apparatus adjusts the output
flow rate of the water discharged from the hydraulic pump
equipment therein, while the pressure is adjusted by a pres-
sure adjusting unit. The pressure adjusting unit mainly com-
prises a pneumatic cut-off valve component and a motor-
driven pressure regulating valve, wherein the pneumatic cut-
off valve component is used for rough adjustment of the
discharge pressure, while the component is used for fine
adjustment of the output pressure. Meanwhile, nitrogen gas
discharged from the liquid nitrogen pump equipment is mixed
with liquid discharged from the hydraulic fracturing equip-
ment by using a specialized manifold. Thus, the nitrogen gas
displacement of the liquid nitrogen equipment may be con-
trolled by the power transmitting system and also the flow
distributing system of the equipment per se.

The present invention will be described in detail by refer-
ence with the examples below. F1G. 1is a structural schematic
drawing of the loading test apparatus for liquid nitrogen pump
equipments in accordance with the present invention. The
loading test apparatus for liquid nitrogen pump equipments in
accordance with the present invention mainly comprises three
major parts as follows.

1. Liquid nitrogen pump equipment test unit 100, which
further comprises the following elements that connects with
each other from upstream to downstream of liquid nitrogen,

Liquid nitrogen tank 1, which is a normal pressure vessel
for storing liquid nitrogen and stores liquid nitrogen that is to
be used in the loading test of the liquid nitrogen pump equip-
ment.

Liquid nitrogen pump equipment 2, which is just the liquid
nitrogen pump equipment that is to be tested for its perfor-
mance in the invention, used for oil-gas field or coal bed
methane nitrogen foam fracturing and arranged on the outlet
pipeline of liquid nitrogen tank 1 so as to pump liquid nitro-
gen from the liquid nitrogen tank 1; The role of the liquid
nitrogen pump equipment 2 is to pump the liquid nitrogen
tank at low pressure and low temperature by the high pressure
pump so as to form liquid nitrogen at high pressure and low
temperature, and then the latter is heated by the specialized
liquid nitrogen evaporator equipped on the liquid nitrogen
pump equipment 2, so that the liquid nitrogen at high pressure
and low temperature is converted into gaseous nitrogen at
high pressure and normal temperature. In one embodiment,
the gas displacement of the nitrogen foam fracturing pump
equipment used for oil-gas field exploitation or coal bed
methane exploitation in accordance with the invention is in
the range of 90 to 600 sm*/min, which is divided into four
grades of 35 MPa, 70 MPa, 105 MPa and 140 MPa according
to the discharge pressure grade. It is required for the experi-
ment apparatus to accomplish the full-loading tests on the
liquid nitrogen apparatus wherein the nominal output is in the
range of 90 to 600 sm*/min and the nominal pressure is one of
35 MPa, 70 MPa, 105 MPa and 140 MPa.
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Check valve 3 arranged downstream from the liquid nitro-
gen pump equipment 2, which is used to prevent nitrogen gas
flowing back.

Pressure sensor 4, which collects pressure data of the dis-
charged nitrogen gas and transports it to the control system.

2. Hydraulic damping apparatus unit 200, which further
comprises the following elements that connects with each
other from upstream to downstream of water,

Water tank 5, which is a normal vessel used for storing
water.

Flow sensor 6 arranged on the outlet pipeline of the water
tank 5, which collects the outlet flow rate of the water tank 5
and transports it to the control system.

Hydraulic pump truck 7, which may be a hydraulic frac-
turing pump truck in practical experiment, is a high power and
high pressure hydraulic pump equipment. Its displacement
should satisfy the highest displacement requirement based on
the lowest foam quality requirement, and its highest pressure
should be equal to or higher than the highest discharge pres-
sure of the liquid nitrogen equipment. For example, in order
to accomplish the test on a liquid nitrogen equipment with a
normal gas displacement of 330 sm>/min and a normal dis-
charge pressure of 105 MPa, it is required that the mixed foam
quality is controlled within 20% and the hydraulic fracturing
pump truck has a liquid normal displacement equal to or
greater than 1.9 m*/min and a discharge pressure equal to or
greater than 105 MPa so as to ensure the security during the
test and experiment. Accordingly, it is required to provide a
hydraulic fracturing pump truck of 1500 type (i.e. its normal
discharge power is 1500 kW) having a normal discharge
pressure of 105 MPa, such as aYL.C1500-105 fracturing truck
(SY/T 5211-2009). Also, the process may be accomplished
by using two fracturing trucks having a discharge pressure of
105 MPa and a normal displacement in range of 1.0-1.9
m?/min Selecting the form of pump trucks is because a equip-
ment with the form of pump trucks will be easy to be placed
and installed during the field test. Meanwhile, the high power
and high pressure hydraulic pumps owned by oilfield enter-
prises are also commonly in vehicle-mounted form. The
hydraulic pump truck may be replaced by pump set equip-
ments provided that the pump set equipments composed of
water pumps and power systems not only satisfies the require-
ment of technical parameters but also is appropriate to be
placed and installed in work field.

Check valve 8 arranged downstream from the hydraulic
pump truck 7, which is used to prevent water flowing back.

Pressure sensor 9, which collects pressure data of water
and transports it to the control system.

Manifold system 10, which is composed of a high pressure
water valve, a high pressure gas valve, a check valve that
resists high pressure and is appropriate for transporting lig-
uid-gas mixture and also pipelines, allows the high pressure
water described above to mix with high pressure and normal
temperature nitrogen gas. That is, nitrogen gas at normal
temperature and high pressure from the liquid nitrogen pump
equipment test unit 100 is mixed with water from hydraulic
damping equipment unit 200, during which high pressure
nitrogen gas is mixed into the discharged high pressure water
s0 as to form a high pressure liquid-gas mixture. The pressure
of such high pressure liquid-gas mixture is the damping that
the liquid nitrogen pump needs to overcome for discharging
gas.

3. Pressure adjusting unit 300 is arranged downstream
from the hydraulic damping apparatus unit 200, and com-
prises a plurality of adjusting unit 310 and also subsequent
water recycling equipments. The pressure adjusting unit 300
pressurizes the water discharged from the hydraulic pump
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truck 7 by adjusting the flow rate of the high pressure liquid-
gas mixture discharged from the hydraulic damping appara-
tus unit 200.

In the pressure adjusting unit 300, each adjusting unit 310
further comprises the following parts that connect in
sequence:

Liquid-gas mixture output manifold 11 arranged down-
stream from the manifold system 10, the role of which is to
distribute the mixed high pressure liquid-gas mixture into
each pressure adjusting mechanism.

Pneumatic cut-off valve 12, which roughly adjusts the dis-
charge pressure of the hydraulic pump truck by using a pneu-
matic motor as the adjusting mechanism for adjusting the
pressure.

Motor-driven pressure regulating valve 13, the role of
which is to adjust pressure as the mechanism for implement-
ing adjustment by using a servo motor and optionally to carry
out feedback control so that the discharge pressure of the
hydraulic pump truck is roughly adjusted.

In a practical process, around 90% of the pressure needed
to be adjust to can be obtained by using the pneumatic cut-off
valve 12, and the remaining 10% of the pressure adjustment
can be achieved by using the motor-driven pressure regulat-
ing valve 13. For example, when the liquid nitrogen pump
equipment to be tested has a normal gas displacement of 330
sm>/min and a normal discharge pressure of 105 MPa, a
YLC1500-105 fracturing truck is provided as the fracturing
truck and the discharge pressure is required to be adjusted to
105 MPa, then firstly the discharge pressure may be con-
trolled in range of 92 to 96 MPa using the pneumatic cut-off
valve 12, and subsequently within 105 MPa using the motor-
driven pressure regulating valve 13.

Throttling hush pipe 14, which applies pressure loading to
the high pressure water discharged from the hydraulic pump
truck by utilizing the throttling principle and limits noise by a
silencer. The throttling hush pipe is composed by a diffusion
section of the throttler and a hush pipe, and the throttling hush
pipe is covered by noise reduction and insulation material.
The role of the diffusion section is to gradually decrease the
flow rate of the high speed liquid-gas mixture, and much noise
will be generated along with the decreasing pressure during
this process. The noise generated in the experiment and test
process is limited by using the noise reduction and insulation
material that covers the throttling hush pipe.

One or more adjusting units 310, which are connected with
each other in parallel, can be used in the present invention. In
addition, the quantities of the pneumatic cut-off valves 12, the
motor-driven pressure regulating valves 13 and also the throt-
tling hush pipes 14 to be used in the test and experiment
process may also be determined according to the liquid and
gas displacement in each of the adjusting units 310. In order
to ensure that the adjusting unit installation is highly depend-
able per se, it is required to control the highest flow rate of the
water after adjustment. In one embodiment, the highest flow
rate of the water is limited within 200 m/s in the apparatus in
accordance with the present invention. In this case, if to be
accomplished is the test on a liquid nitrogen pump equipment
with a normal gas displacement of 330 sm>/min, the fractur-
ing truck provided is a YLC1500-105 fracturing truck and the
liquid displacement is required to achieve 1.9 m*/min, it will
be needed to use two pneumatic cut-off valves 12 and two
motor-driven pressure regulating valves 13, while the quan-
tity of the adjusting unit 310 is one.

The outlet of the throttling hush pipe 14 is connected to
subsequent water recycling equipments, which comprise in
sequence a gathering apparatus 15, a liquid-gas separator 16,
connecting pipeline 17, a cooling system 18 and also a recy-
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cling manifold 19, wherein the recycling manifold 19 is con-
nected to the water tank 5 of the hydraulic damping apparatus
unit 200;

The high pressure liquid-gas mixture flows through a plu-
rality of adjusting units 310 and then through the throttling
hush pipe 14 so as to be converted into low pressure liquid-gas
mixture, and a great deal of heat will be generated along with
this process. The role of the gathering apparatus 15 is to
collect water and nitrogen gas and transports them into the
liquid-gas separator 16, while the role of the liquid-gas sepa-
rator 16 is to separate the mixture of water and nitrogen gas
formed during the test. The separated nitrogen gas is dis-
charged under security condition, whereas the separated
water flows into the water tank 5 through the connecting
pipeline 17, the cooling system 18 and the recycling manifold
19 5o as to be recycled. In one embodiment of the invention,
the cooling system 18 comprises a cooling column, a plate-
type heat exchanger, a recycling pump, valves and pipelines.
Because energy generated in the test is absorbed by water,
which acts as the experiment medium, resulting in tempera-
ture rising, the cooling system 18 is used to cool the water
recycled in the test and decrease its temperature and plays a
rolein stabilizing the liquid flow. In other embodiments, other
known technology may also be employed for the cooling
system 18.

Because the controlling to the nitrogen gas displacement of
liquid nitrogen equipments is achieved by using the power
transmitting system and the flow distributing system of the
liquid nitrogen pump equipment test unit 100 and the hydrau-
lic damping apparatus unit 200 per se, no additional power is
needed and thus the equipment cost as well as energy can be
saved.

The above description is made in terms of the structure of
the loading test and experiment apparatus for liquid nitrogen
pump equipment in accordance with the invention. The test
and experiment process will be described in detail below.

Firstly, the hydraulic pump truck 7 is started and the water
discharged from the hydraulic pump truck 7 is pressurized.
The water pressure is measured by the pressure sensor 9.
Simultaneously, the pneumatic cut-off valve 12 in the pres-
sure adjusting unit 300 is opened for rough adjustment of the
water pressure, and the discharge pressure may be prelimi-
nary obtained by regulating the pneumatic cut-off valve 12.
The motor-driven pressure regulating valve 13 is used for fine
adjustment of the water pressure, and the discharge pressure
of the hydraulic pump truck may be preciously adjusted by
regulating the motor-driven pressure regulating valve 13.

Secondly, the liquid nitrogen pump equipment 2 is started.
The gaseous nitrogen discharged from the liquid nitrogen
pump equipment is mixed with the liquid water discharged
from the hydraulic pump truck 7 and inputted to the mixture
output manifold 11 through the manifold system 10. Because
the pressure loading has been carried out for the water liquid
discharged from the hydraulic damping apparatus unit 200 in
advance, the liquid inputted to the manifold system 10 by the
hydraulic pump truck is high pressure water liquid. When
flowing to the manifold system 10, the gas discharged from
the liquid nitrogen pump equipment has to overcome the
pressure already existing therein, that is to say, the pressure of
the water discharged from the hydraulic damping apparatus
unit 200 is equal to the damping that the liquid nitrogen pump
equipment 2 needs to overcome for discharging gas. Thus, the
pressure loading of the nitrogen gas discharged from the
liquid nitrogen pump equipment 2 is realized by using the
output liquid pressure loading system of the hydraulic frac-
turing apparatus. During practical test and experiment, the
flow rates of the liquid-gas mixtures discharged from the
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hydraulic pump truck 7 and the liquid nitrogen equipment 2
are adjusted by using the pneumatic cut-off valve 12 and the
motor-driven pressure regulating valve 13, so as to adjust the
pressure of nitrogen gas discharged from the liquid nitrogen
pump equipment 2 in real time and thus to verify the accor-
dance of the practical discharge pressure of the liquid nitro-
gen pump equipment 2 with design indices.

Thereafter, the liquid-gas mixtures discharged from the
hydraulic pump truck 7 and liquid nitrogen pump equipment
2 are gathered to the gathering apparatus 15 and then entering
into the liquid-gas separator 16. After the separation of the
liquid-gas separator 16, the liquid continues to be involved in
the recycle, whereas the gas is discharged into suitable atmo-
sphere. For the security of the test and experiment, the quan-
tity of the hydraulic pump trucks 7 required to be provided in
the test and experiment is determined according to the gas
displacement of the liquid nitrogen pump equipment and the
highest gas content permitted in the liquid-gas mixture. Inone
embodiment of the invention, for example, to be accom-
plished is the test of a liquid nitrogen pump equipment having
a normal gas displacement of 330 sm*/min and a normal
discharge pressure of 105 MPa, in order to ensure security
during the test and experiment, it is required to control the
mixed foam quality within 20%, and the hydraulic fracturing
pump truck is required to have a liquid normal displacement
equal to or greater than 1.9 m*/min and a discharge pressure
equal to or greater than 105 MPa. Accordingly, it is required
to provide one hydraulic fracturing pump truck of 1500 type
(i.e. the normal discharge power is 1500 kW) having a normal
discharge pressure of 105 MPa. Also, two fracturing trucks
having a discharge pressure of 105 MPa and normal displace-
ment in range of 1.0 to 1.9 m*/min may be used, such as
YLC850-105 (the normal discharge power is 850 kW) or
YLC1000-105 (the normal discharge power is 1000 kW), so
as to accomplish the test.

The overall test and experiment apparatus for liquid nitro-
gen pump equipments is equipped with data collecting and
processing system, which may be linked to the flow rate
monitoring system on the liquid nitrogen equipment and will
not be described in detail since it is not key point of the present
invention. The output parameters of the displacement of the
liquid nitrogen pump equipment and the power of the power
system may both be collected in the data collecting system of
the liquid nitrogen pump equipment per se. The power output
parameter of the power system of the hydraulic pump truck
may also be collected in the data collecting system of the
hydraulic pump truck per se. Adjusting to the experiment
condition and also the measuring, storing, collecting and
outputting of the parameters needed to check out are achieved
by the data collecting and processing system provided by the
test and experiment system. The flow rate and pressure are
measured under every gear of rotation speeds, and the flow
rate-pressure curve (see FIG. 2), the input power-discharge
pressure curve (see FIG. 3) and the loading pressure-loading
time curve for the liquid nitrogen pump equipment (see FI1G.
4) are drawn. The test and experiment system has the func-
tions of automatic control and protection, adjustment of the
outlet pressure (pump head), display of test condition, abnor-
mal alarm and error protection etc.

The present test and experiment apparatus may also be
used for the discharge flow rate test of high pressure gas
equipments, such as liquid carbon dioxide pump trucks, and
also the pressure loading, testing and experimenting of the
discharged gas thereof.

INDUSTRIAL APPLICABILITY

The test and experiment process described above has the
following characteristics: (1) The loading of the discharge
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pressure of the hydraulic fracturing equipment is carried out
by using the hydraulic loading apparatus. Specialized mani-
fold is used to mix nitrogen gas discharged from the liquid
nitrogen pump equipment with liquid discharged from the
hydraulic fracturing equipment. On one side, the experiment
and test risk caused by the characteristic of high compression
ratio of the gas is reduced by decreasing the gas to liquid ratio
of the mixed gas-liquid flow discharged from the entire test
system. On the other side, the pressure loading of the nitrogen
gas discharged from the liquid nitrogen pump apparatus is
carried out by using the discharged liquid pressure loading
system of the hydraulic fracturing equipment. By means of
transforming from liquid pressure to gas pressure, both the
technical difficulty and the security risk caused by applying
pressure loading to gas are avoided, and thus security is
ensured in tests in accordance with the present invention. (2)
The discharge flow rate and pressure of the hydraulic fractur-
ing equipment are adjusted by using the pressure adjusting
system, which is composed by the pneumatic cut-off valve
component and the motor-driven pressure regulating valve as
main parts, wherein the motor-driven pressure regulating
valve is used for fine adjustment of the discharge pressure and
its operation is easy but accurate. (3) During the overall test
and experiment of the liquid nitrogen pump equipment for
nitrogen foam fracturing, tests at every discharge pressure
and every displacement can be accomplished of the liquid
nitrogen pump equipment, so as to obtain the relationships
between the displacement and the pressure, between the input
power and the discharge pressure and between the loading
pressure and the loading time, and then output results of the
test and experiment. It is clearly seen from FIGS. 2 to 4 that
the object of the test and experiment has been achieved by the
loading test and experiment apparatus for liquid nitrogen
pump equipment in accordance with the invention.

The present invention has the following advantages com-
paring to the prior art.

(1) The loading of the discharge pressure of the hydraulic
fracturing equipment is carried out by using the hydraulic
loading apparatus. Specialized manifold is used to mix nitro-
gen gas discharged from the liquid nitrogen pump equipment
with liquid discharged from the hydraulic fracturing equip-
ment. On one side, the experiment and test risk caused by the
characteristic of high compression ratio of the gas is reduced
by decreasing the gas to liquid ratio of the mixed gas-liquid
flow discharged from the entire test system. On the other side,
the pressure loading of the nitrogen gas discharged from the
liquid nitrogen pump apparatus is carried out by using the
discharged liquid pressure loading system of the hydraulic
fracturing equipment. By means of transforming from liquid
pressure to gas pressure, both the technical difficulty and the
security risk caused by applying pressure loading to gas are
avoided, and thus security is ensured in tests in accordance
with the present invention.

(2) The discharge flow rate and pressure of the hydraulic
fracturing equipment are adjusted by using the pressure
adjusting system, which is composed by the pneumatic cut-
off valve component and the motor-driven pressure regulat-
ing valve as main parts, wherein the motor-driven pressure
regulating valve is used for fine adjustment of the discharge
pressure and its operation is easy but accurate.

(3) The nitrogen gas displacement of the liquid nitrogen
equipment is controlled by the power transmitting system and
the flow distributing system of the equipment per se. No
additional power is needed, and thus the equipment cost as
well as energy can be saved.
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What is claimed is:

1. An apparatus for loading test and experiment of liquid
nitrogen pump equipments, comprising:

a liquid nitrogen tank comprising an outlet pipeline and a
tested liquid nitrogen pump equipment, wherein said
liquid nitrogen pump equipment is arranged on the out-
let pipeline of the liquid nitrogen tank and pumps liquid
nitrogen at the low pressure and low temperature stored
in the liquid nitrogen tank and converts it into gaseous
nitrogen at normal temperature and high pressure,

a hydraulic damping apparatus unit comprising a water
tank comprising an outlet pipeline, pump set equipment,
and a manifold system which are connected in sequence,
wherein said manifold system mixes the gaseous nitro-
gen at normal temperature and high pressure from the
liquid nitrogen pump equipment with high pressure
water from the pump set equipment to form a high pres-
sure liquid-gas mixture; and

a pressure adjusting unit arranged downstream from the
hydraulic damping apparatus unit, which pressurizes the
water discharged from the hydraulic damping apparatus
unit by adjusting the flow rate of the high pressure liq-
uid-gas mixture.

2. The apparatus for loading test and experiment of liquid
nitrogen pump equipments according to claim 1, wherein,
said pressure adjusting unit comprises at least one adjusting
units, which are connected with each other, and subsequent
water recycling equipments, wherein each of said adjusting
units further comprises the following parts which are con-
nected in sequence,

a liquid-gas mixture output manifold assembled down-
stream from said manifold system, which distributes the
mixed high pressure liquid-gas mixture as output;

at least one pneumatic cut-off valve, which roughly adjusts
discharge pressure of said hydraulic pump truck;

at least one motor-driven pressure regulating valve, which
finely adjusts the discharge pressure of said hydraulic
pump truck; and

a throttling hush pipe comprising an outlet, which applies
pressure loading to the high pressure water discharged
from said pump set equipment and limits noise by a
silencer.

3. The apparatus for loading test and experiment of liquid
nitrogen pump equipments according to claim 1, wherein,
said manifold system comprises a high pressure water valve,
a high pressure gas valve, a check valve and also pipelines.

4. The apparatus for loading test and experiment of liquid
nitrogen pump equipments according to claim 1, wherein, the
outlet pipelines of said water tank and said liquid nitrogen
tank are equipped with check valves and also pressure sen-
sors, respectively.

5. The apparatus for loading test and experiment of liquid
nitrogen pump equipments according to claim 2, wherein,
said subsequent water recycling equipments are connected to
the outlet of said throttling hush pipe and comprises in
sequence a gathering apparatus, a liquid-gas separator, con-
necting pipelines, a cooling system and also arecycling mani-
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fold, wherein said recycling manifold is connected to said
water tank of said hydraulic damping apparatus unit;
wherein said gathering apparatus collects water and nitro-
gen gas and transports them into said liquid-gas separa-
5 tor which separates water from nitrogen gas, and the
separated nitrogen gas is discharged under security con-
dition, whereas the separated water continues to flow
into said water tank through said connecting pipelines,
said cooling system and said recycling manifold so as to
be recycled.

6. The apparatus for loading test and experiment of liquid
nitrogen pump equipments according to claim 1, wherein,
said pump set equipment is assembled on the outlet pipeline
of'said water tank, and said pump set equipment is a hydraulic
pump truck or combination of a water pump and a power
system.

7. Aloading test and experiment process for liquid nitrogen
pump equipments, wherein the loading test and experiment of
the liquid nitrogen pump equipments, which are used for
foam fracturing of oil-gas field or coal bed methane nitrogen,
are carried out with the loading test and experiment apparatus
according to claim 1, comprising:

mixing with said hydraulic damping apparatus, firstly, gas

discharged from said liquid nitrogen pump with high
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» pressure water discharged from said hydraulic damping
apparatus so as to form a high pressure liquid-gas mix-
ture, and

adjusting the flow rate of said high pressure liquid-gas
0 mixture so that the pressure adjustment of the gas dis-

charged from said liquid nitrogen pump equipment is
indirectly achieved.

8. The loading test and experiment process for liquid nitro-
gen pump equipments according to claim 7, wherein, said
process further comprises the following steps:

adjusting the discharge pressure of the hydraulic pump

truck by starting said hydraulic pump truck and pressur-
izing the water discharged from said hydraulic pump
truck, and simultaneously opening said pneumatic cut-
off valve in said pressure adjusting unit for rough adjust-
ment of the water pressure, while opening said motor-
driven pressure regulating valve is for fine adjustment of
the water pressure, so that accurate adjustment of the
discharge pressure of the hydraulic pump truck is
achieved; and

starting said liquid nitrogen pump equipment and mixing

the gaseous nitrogen discharged from said liquid nitro-
gen pump equipment with the high pressure water dis-
charged from said hydraulic pump truck in said mani-
fold system so as to form a high pressure liquid-gas
mixture, and

adjusting the flow rate of said high pressure liquid-gas

mixture with said pneumatic cut-off valve and said
motor-driven pressure regulating valve, so that the pres-
sure of the nitrogen gas discharged from said liquid
nitrogen pump equipment is controlled.
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